Abstract
Introduction
Ground motion prediction equations (GMPEs) provide a means of estimating the 23 median earthquake ground motion, in terms of a scalar intensity measure (IM), and 24 its aleatory variability, commonly called sigma (σ). IMs include parameters such as 25 peak ground acceleration and velocity (PGA and PGV) and elastic response spectral relatively recently σ has been less well studied than other aspects of these models.
29
In the past decade, however, numerous studies on σ and its various components have 
37
The reason why path terms are important for seismic hazard assessments is that, 38 theoretically, they could be included within these assessments (e.g. through a map 39 of the terms for a given site) and the total σ within these evaluations reduced. This 40 is similar to the situation when a site term is known and the σ used should be the The aim of this Short Note is to evaluate the various components of ground-84 5 motion variability using a set of simulations for the Marmara Sea region (Turkey).
85
This region has been chosen as it is an area of high seismic hazard and risk and 86 consequently the results obtained could help guide future studies in this region. In 87 addition, the velocity structure in this region is well constrained and ground-motion 88 simulations have been calibrated previously.
89
The next section summarizes the ground-motion simulations used for this study.
90
The subsequent section presents the results of the analysis of these simulations to 
129
Results
130
The procedure followed to compute the different components of variability follows form is used for the GMPE here:
where a 1 to a 4 are found by regression and R is hypocentral distance. This trilinear 
152
Various components of variability are reported in Table 1 . These were computed 153 using the average event and site terms and then by correcting the total residuals by 154 these terms. This is similar to Stages I to IV of Anderson and Uchiyama (2011).
155
These calculations are discussed next.
156
Maps of event, site and path terms variability cannot be reduced easily.
169
Path and source-location components of variability The approach developed by Lin et al (2011) using CI, ∆ξ r ijk and ∆η i,j is applied to 171 compute the path and source-location components of variability. These variables are 172 defined thus:
where ∆H ij is the distance between the ith and jth hypocentres, R ik is the hypocen-
174
tral distance between the ith earthquake and kth site, ξ r are normalized residuals 175 after correcting for the site terms and η E are event terms. Table 1 .
184
Following a similar procedure, the relationship between event-separation distance 
208
Our simulations suggest that the Marmara Sea's geometry leads to earthquakes 209 near its edges generating higher than average ground motions. Also it is found that 210 islands in the Sea are prone to higher than average shaking. Both these findings merit 211 being validated by observational studies given the masses of ground-motion data now
212
being routinely recorded and the high seismic risk in this region.
213
This analysis demonstrates that the ground-motion simulations show similar char-214 acteristics in terms of variability due to path to those observed in real data. Therefore,
215
they provide a means of improving our understanding of ground-motion variability.
216
Based on this improved understanding, appropriate variability components can be assess the standard deviation of each residual (unlike for event and site terms). 
